The performance of a competitive (c) enzyme-linked immunosorbent assay (ELISA) test kit, Blueplate Special@ (BPS), commercially produced by DiagXotics (Wilton, CT) for detection of group-specific antibodies to bluetongue virus (BTV) was compared with that of an internationally endorsed cELISA-I. A total of 1,026 serum samples were tested in this study: 133 samples from 23 calves and 3 sheep experimentally infected with South African isolates of 19 BTV serotypes and US isolates of 5 BTV serotypes and 7 calves infected with US isolates of 2 epizootic haemorrhagic disease of deer virus (EHDV); 102 paired sera from cattle, sheep, and goats experimentally infected with the Australian isolates of BTV, EHDV, and Palyam virus; 229 bovine and ovine samples of Canadian origin (BTV free); and 562 bovine and ovine field samples from the USA and Barbados (BTV endemic). Seroconversion was demonstrable by the BPS cELISA 10 days postinfection in all experimental animals inoculated with BTV, with the exception of 4 calves in which there was a delay of 10-20 days. Similar to the cELISA-I, none of the sera from calves inoculated with US and Australian isolates of EHDV and Palyam viruses cross-reacted with the BTV antigen in the BPS cELISA. The total agreement between the two assays for all the total bovine and ovine field sera was 98.1%. The overall results substantiate the usefulness of the BPS cELISA test kit for monitoring animal sera for group-specific antibodies to BTV. The slightly lower analytical sensitivity associated with the detection of antibody during early phase of infection in some animals would not be significant in the context of herd testing or any regulatory program.
In the past few years, there has been increased interest in finding an alternative to the commonly used agar gel immunodiffusion (AGID) test 13 for the detection of group-specific antibodies to bluetongue virus (BTV) in animal sera. This interest has led to the development of several monoclonal antibody (MAb)based enzyme-linked immunosorbent assays (ELISA), which are more specific than the AGID test. Furthermore, the presence of antibodies to closely related orbiviruses, e.g., epizootic haemorrhagic disease of deer virus (EHDV), in serum samples does not cause falsepositive reactions. 5, 6, 8, 10, 12, 14, 15 Initially, a blocking ELISA 8 in which the immobilized BTV antigen was first reacted with a test serum and then with the MAb (3-17-A3) was reported. The presence of anti-BTV antibodies in the test serum blocked the antigen and inhibited reaction with the MAb in the subsequent step of the test. This test could also be performed as a competitive (c) ELISA, 5 in which the test serum and MAb were reacted simultaneously to compete for BTV validation 6 and several international studies, 2,11 the cELISA gained recognition and was endorsed as an international test for serodiagnosis of bluetongue. Subsequent to the development of a recently reported cELISA, 14, 15 a bluetongue antibody test kit, Blueplate Special TM (BPS), was produced and became available commercially in the USA. Generally, the BPS cELISA procedure is similar to that of the conventional cELISA, referred to as cELISA-I, 3 except that another groupspecific MAb (290) against BTV is used. The MAb 290 is biotinylated and the subsequent enzymatic reaction in the BPS cELISA is measured after further incubation with streptavidin linked to horseradish peroxidase.
This report describes tests in which the performance of the BPS cELISA was compared with that of CELISA-I.
Materials and methods
Serum samples. Sera from sequential blood samples from 24 cross-bred 6-24-mo-old calves and 2 adult sheep experimentally infected with different serotypes of BTV were used antigens coated on plates. Following an extensive field in this study. Single calves were inoculated with BTV South Africa (SA) isolates of BTV serotypes 1-16 and 18-20 and with US isolates of BTV serotypes 10, 11, 13, and 17. Three From the Animal Diseases Research Institute, Agriculture Can-sheep were also inoculated with BTV US serotype 2 (n = 1) ada, PO Box 11300, Station H, NePean, Ontario K2H 8P9, Canada and serotype 10 (n = 2). Blood samples were obtained by (Afihar, Trotter, Dkac), and DiagXotics, Inc., 126 Old Ridgefield jugular venipuncture before inoculation and at 10, 20, and rotype 1 and challenged with EHDV serotype 2 and from 3 calves inoculated with EHDV serotype 2 and challenged with EHDV serotype 1 were obtained and tested by the cELISAs. Serum samples collected at 0, 8, 21, and 91 DPI and at 63 or 91 days postchallenge (DPC) from these calves were included in this study. Sera from 2 other calves inoculated with suckling-mouse-brain-infected EHDV serotype 2 were also tested. The details of the experimental infection and other serologic results have been described previously. 2,5-7,18 A panel of 102 paired sera and reference antisera from cattle, goats, and sheep b experimentally infected with Australian isolates of orbiviruses 17 (BTV serotypes 1, 3, 9, 16, 21, and 23; EHDV serotypes 5, 6, 7, and 8; Palyam serotypes D'Aguilar, CSIRO Village, Bunnyip Creek, and Marrakai) were also tested by the cELISAs.
A total of 792 field sera from cattle and sheep were used to evaluate the performance of the cELISAs. These sera included 179 samples from dairy cattle collected from herds in Ontario and 50 sheep sera obtained from the Diagnostic Unit, Health of Animal Laboratory, Sackville, New Brunswick. No record of bluetongue activity nor any serologic evidence of BTV infection has ever been reported in these Canadian provinces. Further panels of 322 bovine sera received from the USA and 198 samples from sentinel cattle in Florida d were included in this study. A panel of 42 sheep sera received in 1972 from Barbados were also tested by the cELISAs. All the sera were transported on ice and stored at -20 C until used.
cELISAs. The cELISA-I was performed according to standard method previously described. 6 The BPS cELISA procedure 15 was carried out according to the manufacturer's instructions. c The inhibition values for samples were calculated according to each assay procedure, and a sample was considered positive if it inhibited 50% and 30% of the appropriate MAb activity in the cELISA-I 6 and the BPS cELISA, 14 respectively.
Results
The results of cELISA-I and BPS cELISA for sera from 24 calves experimentally infected with 1 of 19 SA BTV serotypes and 4 US BTV serotypes are shown in Table 1 . In all cases, sera were negative prior to infection with the respective serotype and positive at 40 DPI. With the exception of 4 samples collected at 10 DPI from calves exposed to SA BTV serotypes 6, 13, and 14 and US BTV serotype 10 and 2 samples collected at 20 DPI from calves inoculated with SA BTV serotypes 6 and 14, both cELISAs yielded comparable results. BTV antibody was demonstrable at 10 DPI by the cELISA-I and the BPS cELISA in the sera from 3 sheep experimentally infected with US BTV serotypes 2 and 10.
The performance of the BPS cELISA for the Australian panel of paired sera (n = 102) from cattle, goats, and sheep experimentally infected with a variety of orbiviruses, including BTV serotypes, was in complete agreement with that of the cELISA-I. Forty-three and 59 samples were classified positive and negative, re-spectively, by both cELISAs. No reaction was demonstrable by either cELISA-I or BPS cELISA in any acute sera, convalescent sera, or reference antisera to the Australian EHDV serotypes 5, 6, 7, and 8 and the Palyam viruses (D'Aguilar, CSIRO Village, Bunnyip Creek, Marraki.
A comparative performance of the cELISAs in the testing of 699 field sera from cattle is shown in Table  2 . The level of overall agreement between cELISA-I and BPS cELISA for the bovine sera was 98.1%. Relative to the cELISA-I, a total of 13 samples gave discrepant results by the BPS cELISA. Of the 277 cELISA-I-positive and 422 cELISA-I-negative sera, 11 were identified as positive by the cELISA-I and negative by the BPS cELISA and 2 samples were negative by the cELISA-I and positive by the BPS cELISA. The cELISA-I inhibition values for the discrepant negative samples were close to the 50% threshold (range, 58-76%). The cELISA-I inhibition values of all the discrepant samples and the BPS cELISA values are shown in Table 3 . There was total agreement between the two cELISAs in the testing of 92 field sheep sera. None of the 50 sera from Canadian sheep were positive by cELISA-I or the BPS cELISA. Of 42 ovine samples from Barbados, 29 and 13 were classified positive and negative, respectively, by both assays.
D i s c u s s i o n
For serodiagnosis, control, and monitoring of BTV infection, a rapid, reliable, sensitive, and specific test is a necessity. In recent years, several studies have clearly indicated the advantages of the cELISA for the detection of group-specific antibodies to BTV. 3, 5, 6, 10, 14, 15 The results of several interlaboratory studies 2,11 on the application of cELISAs for serodiagnosis of bluetongue facilitated the recognition of this assay as an international test. 4 In this study, we compared the performance of a commercial cELISA kit (BPS) e,15 with that of the extensively validated cELISA-I, using a large number of experimental and field samples.
The overall performance of the BPS cELISA was comparable to that of the cELISA-I. The analytical sensitivity of the BPS cELISA, relative to that of the cELISA-I, was slightly lower during the first 20 days of infection in some animals. In 4 of 24 experimentally infected calves, BTV antibody was demonstrable at 10 DPI by cELISA-I but not by the BPS cELISA. This finding is consistent with that of a previous report, 15 in which BTV antibody was demonstrable at 14 DPI by BPS cELISA in 2 of 5 calves experimentally infected with US BTV serotypes. Whether the slightly lower sensitivity of the BPS cELISA in detecting BTV antibody in bovine sera collected early after infection (e.g., 10 DPI) is due to the immunologic specification of the MAb 290 for BTV antigen determinant and/or its affinity remains to be investigated. However, lower analytical sensitivity in some animals during the first 20 days of infection would not be of concern if the BPS cELISA kit were used in a regulatory program. There was no apparent difference between cELISA-I and BPS cELISA with respect to group specificity. Both assays detected BTV antibodies in sera collected at 20 and 40 DPI from cattle and sheep exposed to the SA, tive inhibition values in the cELISA-I (Table 3) , may US, and Australian isolates of the various BTV sero-represent samples collected at an early phase of natural types. These assays did not show any cross-reactivity infection of sentinel animals. with sera containing antibodies to other orbiviruses
The relative performance of the BPS cELISA sug-(i.e., EHDV and Palyam viruses).
gests that the kit would be an effective assay for de-The BPS cELISA was as specific as cELISA-I when tection of group-specific antibodies to SA, US, and field sera from 179 bovine and 50 sheep collected from Australian BTV in animal sera. The slightly lower an-BT-free areas (Canada) were tested. No false reaction alytical sensitivity associated with the detection of BTV was demonstrable by either assay. Relative to cELISA-antibodies during the early phase of infection in some I, the BPS cELISA had equal sensitivity and specificity animals should not preclude its use and effectiveness in the testing of sheep field samples collected from BT-in bluetongue serodiagnosis in an import/export conendemic areas (Barbados). Because limited numbers text or bluetongue control and regulatory program. of ovine samples were available for this study, further assessment of the diagnostic performance of the BPS
